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, . , $\mathrm{D}\mathrm{t}\mathrm{N}$
, Dirichlet
Neumann . Neumann
Neumann (-1) . ,
([6], [12] ).
, $\llcorner$ $\langle$ ,
.
1994 Berenger [1] Perfectly Matched Layer(PML)
. PML . ,
. , PML
.
. 2 ’ PML
[1] . , PML Euler
,
$|_{\sqrt}\mathrm{a}$ $[71, [8]$ ,
[10], [16], [18], [19], [20].
2 1 PML
, Maxwell
B\’erenger [1] PML 1 $\grave{\gamma}R\text{ }$
$\mathrm{t}_{\sqrt}\backslash$
.
$u(t, x),$ $v(t, x)$ 1
$\frac{\partial u}{\partial t}(t, x)=-\frac{\partial v}{\partial x}(t, x)$ , $\frac{\partial v}{\partial t}(t, x)=-\frac{\partial u}{\partial x}(t, x)$ (1)
. $u(0, x),$ $v(0, x)$ (1)
$u(t, x)=f(x-t)+g(x+t)$ , $v(t, x)=f(x-t)-g(x+t)$ , (2)
$f(x)= \frac{1}{2}(u(0, x)+v(0, x))$ , $g(x)= \frac{1}{2}(u(0, x)-v(0, x))$ (3)
. , $\sigma(x)$ (1) ,
$\frac{\partial u}{\partial t}(t, x)+\sigma(x)u(t, x)$ $=$ $- \frac{\partial v}{\partial x}(t, x)$ , (4)
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$\frac{\partial v}{\partial t}(t, x)+\sigma(x)v(t, x)$ $=$ $- \frac{\partial u}{\partial x}(t, x)$ (5)
$\text{ }t\mathrm{j}\mathrm{i}^{i}5$ . $\sigma(x)$ $R$ . (4), (5)
$u(t, x)$ $=$ $\frac{1}{2}(e^{-\int_{0}^{x}\sigma(s)ds}f(x-t)+e^{\int_{0}^{x}\sigma(s)ds}g(x+t))$ , (6)
$v(t, x)$ $=$ $\frac{1}{2}(e^{-\int_{0}^{x}\sigma(s)ds}f(x-t)-e^{\int_{0}^{x}\sigma(s)ds}g(x+t)))$ (7)
,
$f(x)$ $=$ $\frac{1}{2}e^{\int_{0}^{x}\sigma(s)ds}(u(0, x)+v(0, x))$ , (8)
$g(x)$ $=$ $\frac{1}{2}e^{-f_{0}^{x}\sigma(\epsilon)ds}(u(\mathrm{O}, x)-v(0, x))$ (9)
. , $\sigma(x)=0$ : $-L\leq x\leq L$ , $u,$ $v$ $[-L\leq x\leq L]$
. , $\sigma(x)>0$ , $u,$ $v$ $x$ . $\sigma(x)>0$




PML . (Finete Difference Time
$\mathrm{D}\mathrm{o}\mathrm{m}\mathrm{a}\mathrm{i}\mathrm{n}:\mathrm{F}\mathrm{D}\mathrm{T}\mathrm{D})$ . K.S.Yee[2]
Yee Maxwell . ,
[7], [8], [9], [10], [16], [18], [19], [20].
, $\Delta t,$ $\Delta x$ ,
,
$(t_{n}, x_{m})$ : $t_{n}=n\Delta t,$ $n\in Z$ , $x_{m}=m\Delta x,$ $m\in Z$
$(t_{n+1/2}, x_{m+1/2})$ : $t_{n+1/2}=(n+1/2)\Delta t,$ $n\in Z$ , $x_{m+1/2}=(m+1/2)\Delta x,$ $m\in Z$ .
$u(t_{n}, x_{m}),$ $v(t_{n+1/2}, x_{m+1/2})$ $u_{m}^{n},$ $v_{m+1/2}^{n+1/2}$ (4), $(5)$
$\frac{1}{\Delta t}(u_{m}^{n+1}-u_{m}^{n})=-\frac{1}{\Delta x}(v_{m+1/2}^{n+1/2}-v_{m-1/2}^{n+1/2})$ , (10)
$\frac{1}{\Delta t}(v_{m+1/2}^{n+1/2}-v_{m+1/2}^{\tau\iota-1/2})=-\frac{1}{\Delta x}(u_{m+1}^{n}-u_{m}^{n})$ (11)
[2], [17]. , Courant , (10),(11)





. PML . B\’erenger [1]
, .
. (4),(5)
$u_{m}^{n+1}$ -un7l $\frac{\tau\sigma_{m}}{2}(u_{m}^{n+1}+u_{m}^{n})$ $=$ $-v_{m+1/2}^{n+1/2}+v_{m-1/2}^{n+1/2}$ , (14)
$v_{m+1/2}^{n+1/2}-v_{m+1/2}^{n-1/2}+ \frac{\tau\sigma_{m+1/2}}{2}(v_{m+1/2}^{n+1/2}+v_{m+1/2}^{n-1/2})$ $=$ $-u_{m+1}^{n}+u_{m}^{n}$ (15)
, , $\sigma_{m}=\sigma(x_{m}),$ $\sigma_{m+1/2}=\sigma(x_{m+1/2})$ . (14),(15) $u_{m}^{n+1},$ $v_{n+1/^{l}2}^{n+1/2}$
,
$u_{m}^{n+1}$ $=$ $\frac{1-\tau\sigma_{m}/2}{1+\tau\sigma_{m}/2}u_{m}^{n}-\frac{1}{1+\tau\sigma_{m}/2}$(v $v_{n\iota-1/2}^{n+1/2}$ ), (16)
$v_{m+1/2}^{n+1/2}$ $=$ $\frac{1-\tau\sigma_{m+1/2}/2}{1+\tau\sigma_{\tau n+1/2}/2}v_{m+1/2}^{n-1/2}-\frac{1}{1+\tau\sigma_{m+1/2}/2}(uu_{m+ll}^{n}-u_{m}^{n})$ (17)
. $\cdot\simarrow$ , $a_{s}=(1-\tau\sigma)\vec{2}/(1+\tau\sigma\vec{2}),$ $b_{s}=1/(1+\underline{\tau}\sigma\vec{2})$ , $s=m$ $m+1/2$
(16),(17)
$u_{m}^{n+1}$ $=$ $a_{m}u_{m}^{n}-b_{m}(v_{m+1/2}^{n+1/2}-v_{m-1/2}^{n+1/2}))$ (18)
$v_{m+1/2}^{n+1/2}$ $=$ $a_{m+1/2}v_{m+1/2}^{n-1/2}-b_{n\iota+1/2}(u_{m+1}^{n}-u_{m}^{\tau\iota})$ (19)
. , B\’erenger [1] (4),(5)
$u_{m}^{n+1}$ $=$ $e^{\tau\sigma_{m}}u_{m}^{n}- \frac{1-e^{\tau\sigma_{m}}}{\sigma_{m}\tau}(v_{m+1/2}^{\tau\iota+1/2}-v_{n\iota-1/2}^{n+1/2})$ , (20)
$v_{nl+1/2}^{n+1/2}$ $=$ $e^{\tau\sigma_{m+1/2}}v_{m+1/2}^{n-1/2}- \frac{1-e^{\tau\sigma_{m+1/2}}}{\sigma_{m+1/2^{\mathcal{T}}}}(u_{m+1}^{n}-u_{m}^{n})$ , (21)
, $a_{s}=e^{\tau\sigma_{s}},$ $b_{s}=-(1-e^{\tau\sigma_{s}})/(\sigma_{s}\tau)$ . , FDTD ( Yee ( ,
( ) . ,
2 $\{F_{1_{m}}^{n}, G_{1_{m+1/2}}^{n-1/2}\}$ , $\{F_{2m}^{n}, G_{2_{m+1/2}}-1/2\}n\text{ }\backslash \text{ }$ . ,
$\ovalbox{\tt\small REJECT} J\mathrm{J}\text{ }$ $(n=0)$
$F_{1m}^{0}=\delta_{0,m}$ , $G_{1_{m+1/2}}^{-1/2}=0$ , (22)
$F_{2_{n\iota}}^{0}=0$ , $G_{2_{m+1/2}}^{-1/2}=\delta_{0\}\mathfrak{n}\mathrm{z}}$ (23)
. {$\underline{\mathrm{R}}$ , $\delta_{n,m}$ .
. , 2 . ,
$n>0$ :
$\ovalbox{\tt\small REJECT}_{m}^{n}$ $=$ $\{$
$(-1)^{m+n}$ : $-n\leq m\leq n$ , (24)
0: ,
$G_{1_{m+1/2}}^{n+1/2}$ $=$ $\{$
$-(-1)^{m+n}$ : $-n\leq m<n$ , (25)
0: ,
$F_{2_{\eta l}}^{n}=G_{1_{m-1/2}}^{n-1/2}$ , $G_{2_{m+1/2}}^{n+1/2}=F_{1_{m}}^{n}$ , (26)
(24), (25) $,(26)$ , $l^{2}$ $n$ . ,





, ([4], [5], [8], [16] ).
.
, $\{u_{n\iota}^{n}, v_{m-1/2}^{n-1/2}\}$ : u\sim \mbox{\boldmath $\delta$}0, m’ $v_{m-1/2}^{n-1/2}$ $=u_{m}^{n}.$ , $\hslash\not\in(D$ $|,\mathrm{a}$ .
$(-\infty, 0]$ , $(0, \infty)$ PML . , $\sigma(x)=0$ : $x\in(-\infty, 0],$ $\sigma(x)>0$ : $x\in$
$(0, \infty)$ . $x<0$ , PML











. , $u_{0}^{1}=a_{0}-b_{0}b_{1/2}\neq 0$ . $a07b_{1/2},$ $b_{1}$
$u_{0}^{1}=a_{0}-b_{0}b_{1/2}= \frac{1-\underline{\tau}\sigma_{A}\overline{2}}{1+\underline{\tau}\sigma_{\lrcorner},2\mathit{1}}-\frac{1}{1+\frac{\tau\sigma}{2}\Lambda}\frac{1}{1+\tau\sigma_{12\vec{2}}}=1-\frac{1}{1+\underline{\tau\sigma}_{2}1[perp] 2}=\frac{\frac{\tau\sigma_{1}}{2}\underline{2}}{1+\frac{\tau\sigma_{1}}{2}\underline{2}}$ (27)
. (27) $u_{0}^{1}$ $\sigma_{1/2}=\sigma(x_{1/2})=\sigma(\tau/2)=0$ .
$x_{1/2}$ PML , $\sigma(x)>0$ $\sigma_{1/2}>0$ .
, PML $\tau\sigma(\tau/2)/\{1+\tau\sigma(\tau/2)\}$




. $\sigma(x)$ $\sigma 0$ , $\sigma_{0}$ , $\sigma(x)$




. , $\mathrm{P}\mathrm{M}\mathrm{L}$ .
33
, $\sigma(x)$ PML .




$u_{m}^{n+1}$ $=$ $e^{-\tau\sigma_{m}}u_{m}^{n}-e^{-\tau\sigma_{m}/2}(v_{m+1/2}^{n+1/2}-v_{m-1/2}^{n+1/2})$ , (30)
$v_{m+1/2}^{n+1/2}$ $=$ $e^{-\tau\sigma_{m+1}}v_{m+1/2}^{n-1/2/2}-e^{-\tau\sigma_{m+1/2}}(u_{m+1}^{n}-u_{m}^{n})$. (31)
(30),(31) (18),(19)
$u_{m}^{n+1}$ $=$ $a_{m}^{new}u_{m}^{n}-b_{m}^{new}(v_{m+1/2}^{n+1/2}-v_{m-1/2}^{n+1/2})$ , (32)
$v_{m+1/2}^{n+1/2}$ $=$ $a_{m+1/2}^{new}v_{m-1/2}^{n+1/2}-b_{m+1/2}^{new}(u_{m+1}^{n}-u_{m}^{n})$ , (33)





$e^{-\tau\sigma_{0}}-e^{-\tau\sigma 0/2}e^{-\tau\sigma 0/2}=e^{-\tau\sigma_{0}}-e^{-\tau\sigma 0}=0$ (34)
. , $\sigma(x)$ PML .
$\sigma(x)u(x)$
$\sigma(x_{m})u(t_{n+1/2}, x_{m})\approx\frac{1}{\tau}\{(e^{\tau\sigma_{m}/2}-1)u_{m}^{n+1}+(1-e^{-\tau\sigma_{m}/2})u_{m}^{n}\}$ (35)
. , $\sigma(x)v(x)$ .
4
.
, $[0,2]$ PML , $\sigma(x)\equiv\log 10=2.302585,$ . . $,$ $x\in[0,2]$ .
, 1 $x=0$ $x=2$ $x=0$
$e^{-2\int_{0}^{2}\sigma(x)dx}=10^{-4}$ . $u,$ $v$ ,
$u(0, x)$ $=$ $\{$
$\cos^{2}(20\pi(x-1.0))$ : $0.95<x<1.05$ ,
0: ,
$v(0, x)$ $\equiv$ 0
. , Dirichlet , $u(t, 0)=u(t, 2)=v(t, \mathrm{O})=v(t, 2)\equiv 0$ .
1-3 $\ovalbox{\tt\small REJECT}_{\mathrm{B}}$ $\text{ }$ (16) (17) Berenger (20),(21) (30),(31)
$\sqrt[\prime]{}\backslash$
. , $\Delta t=\Delta x=\tau=0\sim 00625$ .








, (29) $\sigma 0\tau$ . ,
$\sigma(x)$
, , $\sigma(x)$ .










1: $u(0, x)$ .
2: $t=0.4$ , ( ), B6renger( ), ( ).
$[L+L_{p}/2, L+L_{p}]$ . $\sigma(x)$ 3
3 , $\sigma(x)$ .
[0,1.0) , PML [1.0,1.2] . 4 $\sigma(x)$ . ,
$x,$ $\sigma(x)$ . , $\sigma(x)$ PM $\mathrm{L}$
, $\sigma(x)\equiv\sigma 0=10\log 10$ $=23.02585\ldots$ : $x\in[1.0,1.2]$ . , 3
$\sigma(x)\equiv\frac{4}{3}\sigma 0=\frac{4}{3}$ (lOloglO) $=30.70113\ldots$ : $x\in[1.1,1.2]$ $\mathrm{t},$ $\backslash$ . ,
$\int_{1.0}^{1.2}\sigma(x)dx$ , 3 10 .
$u(0, x)\equiv 0,$ $v(0x)\}\equiv 0$ ,
$u(t, 0)$ $=$ $\{$
$\sin^{2}(20\pi t)$ : $\mathrm{O}.0\leq t\leq 0.1$ ,
0: $1.0<t$
. , Dirichlet , $u(t, 2)=v(t, 2)\equiv 0$ 4
5-7 $\sigma(x)$ , $\tau$ .
, $t,$ $u(t, 0.5)$ . $t=[1.9,2.0]$ ,
$t=1.5$ $\sigma(x)$ . , $\sigma(x)$ 3
. , $\tau$ 1/2, 1/4
, 1/2, 1/4, 1/4, 1/16, 3
1/16, 1/64 . , (29) ,
.
5 2
*7B7\doteqdot 7\rightarrow f5b\mbox{\boldmath $\tau$}---‘‘|\lambda f \Delta \lambda x $=\Delta y=\Delta l\text{ },$$\text{ }f_{-}^{-,\mathrm{c}*(\not\simeq \text{ }:\xi\acute{\ovalbox{\tt\small REJECT}}\text{ }\int_{\backslash }\doteqdot^{\wedge}\mathrm{f}_{\mathrm{f}3}\ovalbox{\tt\small REJECT} 7_{\mathrm{R}}5^{\frac{1}{\mathbb{R}^{-}}}\mathrm{t}2;\Delta t=\Delta l/\text{ }\llcorner}\text{ }-\text{ }2\backslash lR\dot{\overline{\pi}}\mathit{0}\mathrm{J}\mathrm{T}\mathrm{E}\epsilon-\vdash^{\backslash }\backslash \mathrm{M}\mathrm{a}\mathrm{x}\mathrm{w}\mathrm{e}11\text{ }\mathrm{P}\mathrm{a}\mathrm{e}\exists il-\prime f_{\hat{\grave{1}4}}\mathrm{f}\mathrm{f}\mathrm{l}\text{ }([],[17],\cdot 289\text{ _{\sqrt{}^{\not\equiv\gtrless}\frac{}{2}},\prime \mathrm{k}_{1\backslash \backslash })\mathrm{o}\mathrm{u}\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{t}\hat{\mathrm{x}}\hat{i\mathrm{E}}^{\mathrm{A}}J\backslash \cdot$
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3: $t=0.8$ , ( ), Berenger( ), ( ).
35 35
30 $il-$ 30














0.8 1 1.2 0 02 0.4 $0_{\mathrm{X}}.\epsilon$ 0.8 1 1.2
4: $\sigma(x)$ , ( ), ( ), 3 ( ).
. , ,
$E_{x}^{n}(i+ \frac{1}{2},j)$ $=$ $e^{-\sigma_{y}(j)\Delta t}E_{x}^{n-1}( \mathrm{i}+\frac{1}{2},j)$
$+$
$\frac{\Delta t}{\Delta l}e^{-\sigma_{y}(j)\frac{\Delta t}{2}}\{H_{zx}^{n-\frac{1}{2}}(\mathrm{i}+\frac{1}{2},j+\frac{1}{2})+H_{zy}^{n-\frac{1}{2}}(\mathrm{i}+\frac{1}{2},j+\frac{1}{2})$
$H_{zx}^{n-\frac{1}{2}}(i+ \frac{1}{2}, j-\frac{1}{2})-H_{zy}^{n-\frac{1}{2}}(\mathrm{i}+\frac{1}{2},j-\frac{1}{2})\}$ , (36)
$E_{y}^{\tau\iota}(i,j+ \frac{1}{2})$ $=$
$e^{-\sigma_{x}(i)\Delta t}E_{y}^{\tau\iota-1}( \mathrm{i}, j+\frac{1}{2})$
$\frac{\Delta t}{\Delta l}e^{-\sigma_{x}(i)\frac{\Delta\ell}{2}}\{H_{zx}^{n-\frac{1}{2}}(i+\frac{1}{2},j+\frac{1}{2})+H_{zy}^{n-\frac{1}{2}}(\mathrm{i}+\frac{1}{2},j+\frac{1}{2})$
$H_{zx}^{n-\frac{1}{2}}(i- \frac{1}{2},j+\frac{1}{2})-H_{zy}^{n-\frac{1}{2}}(\mathrm{i}-\frac{1}{2},j+\frac{1}{2})\}$ , (37)
$\ovalbox{\tt\small REJECT}_{(\mathrm{i}+\frac{1}{2},j+\frac{1}{2})}^{\frac{1}{2}}$ $=$
$e^{-\sigma_{x}(i+\frac{1}{2})\Delta t}H_{zx}^{n-\frac{1}{2}}(i+ \frac{1}{2}, j+\frac{1}{2})$




$\frac{\Delta t}{\Delta l}e^{-\sigma_{y}(j+\frac{1}{2})\frac{\Delta t}{2}}\{E_{x}^{n}(\mathrm{i}+\frac{1}{2},j+1)-E_{x}^{n}(\mathrm{i}+\frac{1}{2},j)\}$ . (39)
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0 0 $0$
$\simeq\dot{\mathrm{o}}_{-26\cdot 2}\hat{\mathrm{m}\supset}$. $\mathrm{l}.\cdot||$ $\vee\underline{\dot{\mathrm{o}}}.$ -2e-2$\hat{\mathrm{m}\supset}$ $\sim\dot{\mathrm{o}}_{- 2\mathrm{e}\prime 2}\hat{\omega\supset.\cdot}$
$1|$
$.4\mathrm{e}\cdot 21.41.5\{.61.71,\cdot 8$ $1.9$ 2 2.1 2.2
$4\mathrm{e}\cdot 21.41.5$
$.6 1.7 $1.8|1.9$ 2 2.1 2.2 $4\mathrm{e}- 21.41.51.61.71.8\mathrm{t}1.9$ 2 2.1 2.2
5: $\sigma(x)$ $u(t, 0.5)$ , \mbox{\boldmath $\tau$}=1/160( ), \mbox{\boldmath $\tau$}=1/320( ),
\mbox{\boldmath $\tau$}=1/640( ).
$1\mathrm{e}\cdot 3$ $1\mathrm{e}\cdot 3$
5e-4 $5\mathrm{e}\cdot 4$
$\hat{\vee\sim\dot{\mathrm{o}}_{\sim}\mathrm{m}\supset}$ 0 - – $‘ \frac{i\iota_{\dot{3}_{\sim}}^{\hat}0}{\check}3$ 0 —— - -
$.5\mathrm{e}\cdot 4$ $- 5\mathrm{e}\cdot 4$
$.1\mathrm{e}\cdot 31.41.51.61.71.8\mathrm{t}$ $1.9$ 2 2.1 2.2 $\sim 1\mathrm{e}- 31.41.\mathrm{S}1.61718\mathrm{I}1.9$ 2 2.1 2.2
6: $\sigma(x)$ $u(t, 0.5)$ , \mbox{\boldmath $\tau$}=1/160( ), \mbox{\boldmath $\tau$}=1/320( ), $\tau=$
1/640( ).
. [-0.7, 0.7] $\cross$ [-0.7, 0.7] , , [-0.5, 0.5] $\mathrm{x}[-0.5,0.5]$
. $\sigma(x),$ $\sigma(y)$ 1 3 ;
$\sigma(x)$ $=$ $\{$
$\sigma_{0}$ : $-0.7\leq x\leq-0.6$ ,
$2000\sigma 0(x+0.5)^{3}\ell+300\sigma 0(x+0.5)^{2}$ : $-0.6\leq x\leq-0.5_{2}$
0: $-0.5\leq x.\leq 0.5$ ,
$-2000\sigma 0(x-0.5)^{3}+300\sigma 0(x-0.5)^{2}$ : $0.5\leq x\leq 0.6$ ,
$\sigma_{0}$ : $0.6\leq x\leq 0.7$ ,
$\sigma(y)$ $=$ $\{$
$\sigma_{0}$ : $-0.7\leq y\leq-0.6$ ,
$2000\sigma 0(y+0.5)^{3}\mathrm{t}+300\sigma 0(y+0.5)^{2}$ : $-0.6\leq y\leq-0.5$ ,
0: $-0.5\leq y\leq 0.5$ ,
$-2000\sigma_{0}(y-0.5)^{3}+300\sigma 0(y-0.5)^{2}$ : $0.5\leq y\leq 0.6$ ,
$\sigma_{0}$ : $0.6\leq y\leq 0.7$ .
, $\sigma_{0}=10\log 10=23.02585$ , , 10 . , $\sigma(x)$
$y$ , $\sigma(y)$ $x$ . $H_{z},$ $E_{x)}^{;}E_{y}$ ,
$H_{z}(0, x, y)$ $=$
$e^{-\langle x^{2}+y^{2})/16}$ ,
$E_{x}(0, x, y)$ $\equiv$ 0,
$E_{y}(0, x, y)$ $\equiv$ 0,
. , Dirichlet ,
$H_{z}(t, -0.7, y)=H_{z}(t, 0.7, y)=H_{z}(t, x, -0.7)=H_{z}(t,$ $x,$ $0.7\rangle\equiv 0$
185
1 $\mathrm{e}\cdot 4$ 1 $\mathrm{e}\cdot 4$ 1 $\mathrm{e}\cdot 4$
$5\mathrm{e}\cdot 5$ 5e-5 5e-5







-18-41.4 $\mathrm{t}.5$ $.6 1.7 $18\mathfrak{i}1.922.12.2$ $e\sim 47.41.51.61.7 $1.8$
}
$1.922.12.2$
7; $\sigma(x)$ 3 $u(t, 0.5)$ , $\tau=$ 1/160( ),
\mbox{\boldmath $\tau$}=1/320( ), \mbox{\boldmath $\tau$}=1/640( ).
$E_{x}(t, -0.7, y)=E_{x}(t, 0.7_{1_{1}}y)=E_{x}(t, x, -0.7)=E_{x}(t, x, 0.7)\equiv 0$
$E_{y}(t, -0.7, y)=E_{y}(t, 0.7, y)=E_{y}(t, x, -0.7)=E_{y}(t_{\gamma}x, 0.7)\equiv 0$
.
8-10 2 $H_{z}(t, x, y)$ . ,
$x,$ $y$ , $H_{z}(t, x, y)$ . ,




8; 2 $H_{z}(t, x, y)$ , t=0.O( ), t=0.2( ).
6 .
1 FDTD PML
, 2 Maxweli {$|\mathrm{f}\underline{\mathrm{i}}\neq$ $\mathrm{T}\mathrm{E}$
$\backslash$
$\acute{\mathrm{f}}\overline{\mathrm{T}}$ . $\cdot \text{ ^{}\prime}$
PML 1 fJ1 ,
$\sigma(x)$
$1_{\mathit{1}}\backslash \ovalbox{\tt\small REJECT}$ . {
$\text{ }$ ffr 4k\acute +F;^;>\dotplus Af. . 2
, $\mathbb{P}_{\mathrm{H}}’\backslash \mathrm{f}\mathrm{f}$. . $;P_{{}^{\grave{\mathrm{t}}}Il}$ . 2 $\Phi_{\vec{8}l\hat{\mathrm{W}}}’-- \mathrm{A}$ 3
$\overline{\mathrm{J}}\neg\overline{\mathrm{L}}\ovalbox{\tt\small REJECT}_{\ddagger 1}\ovalbox{\tt\small REJECT}$
. , .$\backslash \sigma$) .
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-O.6 -0.4 -O.2 0 0.2 0.4 0.6 -0.6 -O.4 -C.2 0 $0.20.40.6$
$\mathrm{x}$ $\mathrm{x}$
9: 2 $H_{z}(t, x, y)$ , t=0.4( ), t=0.6( ).
-0.6.0.4.0.2 0 0.2 0.4 0.6 -0.6.0.4.0.2 0 0.2 0.4 0.6
$\mathrm{x}$
$\mathrm{x}$
10: 2 $H_{z}(t, x, y)$ , t=0.8( ), t=1.0( ).
[1] J.-P. Berenger , A perfectly matched layer for the absorption of electromagnetic waves, J.
Comput. Physics 114 (1994) 185-200 .
[2] $\mathrm{K}.\mathrm{S}$ . Yee , Numerical solution of initial boundary value problems involving Maxwell’s equa-
tion in isotoropic media IEEE Trans. Antennas Propagation AP16 (1966) 302-307 .
[3] S. Abarbanel and D. Gottlieb, A mathematical analysis of the PML method, J. Comput.
Physics 134 (1997) $357-\cdot 363$ .
[4] F. Collino and $\mathrm{P}.\mathrm{B}$ . Monk, The perfectly matched layer in curvilinear coordinates, Technical
Report 3049 INRIA, 1996.
[5] F. Collino and $\mathrm{P}.\mathrm{B}$ . Monk, Optimizing the perfectly matched layer, Comput. Methods Appl.
Mech. Engrg. 164, (1998) 157-171.
[6] D. Givoli, Numerical Method for Problems in Infinite Domains, Elsevier Amsterdam, 1992.
197
[7] T. Hagstrom, A new construction of perfectly matched layers for hyperbolic systems with
applications to the linearized Euler equations, in: Mathematical and numerical aspects of
wave propagation WAVE 2003 Proceedings, Springer, 1998, pp.125-129.
[8] I. Harari, M. Slavutin and E. Turkel, Analytical and numerical studies of a finite element
PML for the Helmholtz equation, J. Comput, Acoustics 8 (2000) 121-137,
[9] E. Heikkola, T. Rossi and J. Toivanen, Fast direct solution of the Helmholtz equation with
perfectly matched layer or an absorbing boundary condition, Int. J. Numer. Methods Engrg,
164, (1998) 157-171.
[10] $\mathrm{F}.\mathrm{Q}$ . Hu, On absorbing boundary conditions for linearized Euler equations by a perfectly
matched layer, J. Comput. Physics 129 (1996) 201-219.
[11] J.-L. Lions, J. Metral and O. Vacas, Well-posed absorbing layer for hyperbolic problems,
Numer. Math. 92 (2002) 535-562.
[12] $\mathrm{H}.\mathrm{M}$ . Nasir, T. Kako and D. Koyama, A mixed-type finite element approximation for radia-
tion problems using fictitious domain method, J. Comput. Appl. Math. 152 (2003) 377-392.
[13] $\mathrm{P}.\mathrm{G}$ . Petropoulos, On the termination of perfectly matched layer with local absorbing
boundary conditions, J. Comput. Physics 143 (1998) 665-673.
[i4] $\mathrm{P}.\mathrm{G}$ . Petropoulos, Reflectionless sponge layers as absorbing boundary conditions for the nu-
merical solution of Maxwell equations in rectangular, cylindrical, and sphericat coordinates,
SIAM J. Appl. Math. 60 (2000) 1037- 1058.
[i5] $\mathrm{P}.\mathrm{G}$ . Petropoulos and L. Zhao, $\mathrm{A}.\mathrm{C}$ . Cangellaris, A reflectionless sponge layer absorbing
boundary condition for the solution of MaxwelPs equations with higher-order staggered
finite difference schemes, J. Comput. Physics 139 (1998) 184-208.
[16] Q. Qi and $\mathrm{T}.\mathrm{L}$ . Geers, Evaluation of the perfectly matched Jayer for computational acoustic,
J. Comput. Physics 139 (1998) 166-183.
[17] A. Taflove and S. Hagness, Computational Electrodynaniics : the Finite-Difference Time-
Domain Method, Artech House, Boston, 2000.
[18] E. Turkel and A. Yefet, Absorbing boundary layers for wave-like equations, Applied Nu-
merical Mathematics 27 (1998) 533-557.
[19] J.-L. Vay, A new absorbing layer boundary condition for the wave equation, J. Comput.
Physics 165 (2000) 511-521.
[20] J.-L. Vay, An extended FDTD scheme for the wave equation: application to multiscale
electromagnetic simulation, J. Comput. Physics 167 (2001) 72-98.
